Universal one-way light speed from a universal light speed over closed paths by Minguzzi, E & McDonald, A















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































This property is another way of saying that there
is no redshift.
4. The time it takes light to transverse a triangle
(through reections over suitable mirrors) is inde-
pendent of the direction taken around the triangle.
2c. The two-way speed of light has a constant value c.
L=c. The time it takes light to transverse a closed path
of arbitrary shape (through reections over suitable
mirrors) and length L is L=c, where c is a constant.
syn. The Einstein synchronization method can be ap-
plied consistently.
1c. The one-way speed of light with respect to Einstein
time has a constant value c.
A constant c appears in the denitions of 2c, L=c and
1c. As we shall see in the proofs below, the implications
among these properties refer to the same value of c. This
will justify our notation.
Notice that the rst four properties do not depend on
the synchronization of clocks. The property 1c is just (a)
and (b) from above. Our main task is to prove L=c) 1c,
as expressed in the title of this paper. In gure 1 we
summarize the implications proved in the text. Let us
discuss rst some trivial implications.
1c) L=c. This requires no comment.
L=c ) 2c. A light beam that goes from A to B and
back traverses a closed path. According to L=c, the two
way speed is c.
L=c ) 4. According to L=c, the time to traverse
a triangle is L=c, which is independent of the direction
taken around the triangle.
fsyn and 2cg , 1c. We have noted that if syn holds,
the two-way speed, in Einstein time, is equal to the one-
way speed. Since from 2c the two-way speed is c, the
one-way speed is c. The equivalence now follows easily.
On the contrary, 2c ) z = 0 and syn , fz = 0 and
4g are not trivial. These are proved below.
2c ) z = 0. Consider three points A, B, C on a
straight line. Consider mirrors at A and C, and a semi-
transparent mirror at B. A light beam sent at time t
0B
according to the clock at B, reaches A at time t
0A
accord-
ing to the clock at A, and is reected back to B, arriving
at time t
1B
. Here it splits into two beams. One reaches A
at t
1A
and the other reaches C where it is reected back
to B at t
2B
. Here it splits again but we only consider the
light beam directed towards A which reaches A at t
2A
.







FIG. 1: Implications proved in the text. From them it follows
















































FIG. 2: The reections considered in 2c) z = 0.
t
1B





Since we can regulate the distance BC by movingC, t
2B
is also arbitrary. Hence equation (2) shows that z = 0.






















. The last equation is equiv-
alent to z = 0.
3Conversely, if z = 0 holds, two clocks at A and B can












is not invariant under resetting the clock at A. Let it
vanish through a resetting. This synchronizes the clocks




arrive at A at t
00
A




and arrive at B at t
000
B













































are arbitrary, according to (1) the
clocks are synchronized.
Let clocks at A and B be both synchronized with the
clock at C. We show that they are synchronized with
each other if and only if4 holds. Reect a ash of light
around the triangle CAB. Let the ash be at C, A, B,










each time according to the
respective clock. Similarly, let the times for a ash sent



























































































Thus the middle terms on the right-hand side of Eq. (4)
are equal if, and only if, the left-hand sides are equal, i.e.,
the clocks at A and B are synchronized if and only if the
condition 4 is true for the triangle CAB. From all this
it follows that syn , fz = 0 and 4g. This completes
our proof of the implications in gure 1.
From the implications we see that
1c, L=c, f2c and 4g: (5)
The implication L=c ) 1c is our main result. It is rel-
evant for the logical foundations of special relativity. It
states that, if the speed of light over closed paths is uni-
versal, then clocks can be synchronized in such a way
that the one-way speed is universal.
Moreover, from a universal one-way speed of light, it
follows that the light cone structure is exactly that of
Minkowski spacetime.
Finally, we discuss the experimental evidence for L=c.
The implication f2c and 4g ) L=c shows that evi-
dence for 2c or 4 is evidence for L=c. There are well
known tests of 2c. The Michelson-Morley experiment
shows that the two-way speed of light is the same in dif-
ferent directions. A modern version of this experiment
7
has shown this with an accuracy of 2 parts in 10
15
. The
Kennedy-Thorndike experiment shows that the two way
speed of light is the same at dierent times, places, and
velocities. A modern version of this experiment
7
has
shown this with an accuracy of 1 part in 10
13
. We know of
no direct test of4, but, for a square, it has been shown
8
that the time it takes light to transverse the closed path





One can wonder whether there are, between the prop-
erties listed in section II, relations that are not obtainable
from gure 1 by simply following the arrows. The answer
is negative since the counterexamples, listed below, show
that 2c ;4, z = 0 ; 4, syn ; 2c, and 4 ; z = 0.
It can be seen from the counterexamples and Fig. 1 that
there are no other implications among individual prop-
erties.
2c ; 4. Consider Minkowski spacetime. Imagine
particles moving along curves with speed
v(v^;x) =
cv^
1 + cv^ A(x)
; (6)
where A(x) is a eld such that r  A 6= 0 and jAj <
1
2c
. We see that the speed of the particles depends on
the direction v^, and on the point of space x. We use
here the speed of particles rather than light in 2c and
4, and take c to be some xed \ordinary" speed (since
clock synchronization determines the one-way speed of
light, we cannot after synchronization specify the speed
of light). It suÆces to establish the counterexample in
this setting. The time it takes particles to transverse a








A  dl (7)
Let  be a circle centered at a point x. If it is suf-
ciently small the last term is dierent from zero. The
round trip time t clearly depends on the direction fol-
lowed by the particle, and hence 4 does not hold. How-
ever, 2c holds because the integral vanishes for the path
that goes from A to B and back. For that path the last
term in the previous equation vanishes.
z = 0 ; 4. Consider again the setting of the last
counterexample. We have already noticed that with the
speed Eq. (7), 4 does not hold. Moreover, the speed of
particles at a given point does not change in time. Since
the worldlines of the particles that go from A to B are
time translations of each other, we have z = 0.
syn; 2c. Notice that the denition of syn does not
involve any metric over the space. Start from Minkowski
spacetime. Taking unaltered its light cone structure in











. You have obtained a space
where syn still holds but the two-way speed of light is
anisotropic since that in the x direction is kc whereas
that in the y direction is c.
Another counterexample
5
comes from the old ether
theory of the propagation of light. In such a theory
the light propagates at a constant speed with respect
to the ether. Inertial observers in motion with respect
to the ether can apply consistently the Einstein syn-
chronization method but the one-way speed turns out
to be anisotropic since the two-way speed itself, in those
frames, is anisotropic.
4 ; z = 0. Consider Minkowski spacetime with the
usual coordinates fx
i
; tg. Suppose, however, that the
clocks at rest do not measure t but t
0





where r is the radial distance from the origin, and a is
a constant. In this space 4 still holds since it involves
only one clocks. On the contrary, z = 0 does not hold
anymore.
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